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X^IL Remarks on Mr. Brydone's Accmnt of a remarlahk 
Thunder-Jiorm in Scotland. By the Rtght HonourMe Charles 
^E^r/ Stanhope, B\R,S* 



P^ead February 15, 1787* 

§ I. 1\/T^ ftorm of lightning has ever produced effciTts more 
JL^ curious to contemplate than thofe related by Mr. 
Brydone, in his Letter to the Prefident of this Society. That 
account contains fads of fuch confequence, and fo perfectly 
inexplicable by the principles of eleftricity which are com- 
monly received, that it undoubtedly deferves particular atten- 
tion. 

It appears, that a man (named ^^ James Lauder**) fitting 
on the fore-part of a cart drawn by two horfes, was fuddenly 
jftruck dead, as alfo the horfes that he was driving, and that 
the cart itfelf was much injured by ele£trical lire, although no 
lightning fell at, or near, the place where this accident hap* 
pened. 

§ 2. Before I attempt to account, by the laws of eledricity^. 
for this remarkable phaenomenon, it may not be improper juft 
to take notice, that few fads of this kind have ever been 
better authenticated than this is« 

It appears, firft, that a man, who was fitting upon the fore- 
part of another cart, only twenty-four yards behind the cart 
that was ftruck, ^^ had Lauder, his cart and horfes, full in 
*^ view when they fell ; he was ftunned by a loud report, and 
'^^ faw his companion, his horfes and cart^^ fall to the ground; 

^^ he 
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*^* he immediately ran to his affiflance, but found him quite 
*^ dead ; he perceived" (at the time of the accident) " no fla(h 
*^ or appearance of fire/' 

It alfo appears, that another man, a fhepherd of St* Cuth- 
belt's farm, was alfo a witnefs of this event. He was diftant 
from Lauder '^ between two and three hundred yards, and was 
<* looking at the two carts, when he was ftiinned by a loud 
*^ report, and at the fame inftant faw the firft of the carts fall 
*^ to the ground. He faw no lightning, nor appearance of fire 
^' whatever.'* 

The concurrent teftimony of thefe two men Is confirmed 
by Patrick Brydone, Efq. who lives " at a fmall diftance'* 
from the fpot where Lauder was killed t and Mr, Brydone 
relates, that a ftorm appeared far off; and that he^ and fome 
company in his houfe, were ^* fuddenly alarmed by a loud 
" report, for which they were not prepared by any preceding 
^' flafh.'* There is the greater weight to be given to this 
account of Mr. Brydoke, as it fo happened, that he was juft 
then *' obferving the progrefs of the ftorm, at an open win* 
** dow, in the fecond ftory of his houfe,'* and making the 
company «^ obferve, by a flop- watch, the time that the found 
** took to reach them.'* 

It is extremely fortunate^ that a gentleman ^ fond of philo- 
fophical enquiries, fhould have been upon the fpot at the time 
of this accident, to give to the world fo clear and interefting 
an account. 

§ 3, That the death of Lauder and of the horfes was m( 
occafioned by ^nj diredi mainjlroke of explojion from a thunder- 
cloud, either pofitively or negatively electrified, is evident; 
fince no lightning whatever did pafs from the clouds to the 

S % earth 
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earth (or from the earth to the clouds) at the place where they 
were killed, 

§ 4. It is equally evident (and for the very fame reafon) that 
they were not deprived of life by any tranfmitted mainjiroke of 
explojion^ either pofitive or negative. 

§ 5. It is alfo obviouSj that t\\t lateral explofion wz^ not th^ 
caufe of this mifchief; for iht lateral^ explojion does always 
proceed immediately from the main flroke itfelf ; and therefore 
there can exift no lateral explojion^ in the cafe when there is no. 
main ftroke whatever. 

§ 6. It might, perhaps, be fuppofed, that Lauder and the 
two horfes were fuddenly fufFocated by the fulphureous fmell 
that often accompanies ele£lricity. 

But though the death of the man and of the horfes might 
(by fome) be attributed to this caufe, the fulphureous fmeli 
will no Wife account for " many pieces of the coal having been 
*' thrown out, to a conllderable diftance, all round the cart;" 
and for the *' fplinters" (from the wood-work of the cart) 
that were *^ thrown off in many places/* as appears, by Mr. 
Brydone's account, to havebcen the cafe. 

§ 7. Some perfons may imagine that Lauder and the 
horfes might have been killed, and that the other effects above- 
mentioned might be accounted for, by fome ludden and very 
violent commotion in the air, which commotion the thunder 
might be fuppofed to produce, though unaccompanied with 
any flafh at that place ; in a manner, in fome fmall degree^ 
fimilar to the fatal wounds that fometimes have been known 
to have been given by the air having been fuddenly difplaced 

^ See Dr., Priestley's excellent Paper in the fixtieth volume of the Phila- 
fophicai Tranfa6lion5j page 192 et feq. See alfo my Principles of Eledricity^ 
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by a cannon ball, in its pafllge through that atmofpherical 
fluid, though the cannon ball itfelf bad evidently neither 
ftruck the perfon wounded, nor even grazed his cloaths. 

The '^ duft that rofe at the place" might be brought as aii 
additional argument in favour of the opinion, that a fudden 
and violent commotion of the air did occafion the effects pro- 
duced. 

But fuch an explanation (vague as it is) would not account 
for the '* marks of fufion" on the iron of the wheels ; nor 
for '^ the hair of the horfes having been finged ;" nor for 
^' the Ikin of Lauder's body having been burnt" in many 
places. 

§ 8. I think, from the different circumilances of this cafe^ 
that it is clear to demon llrat ion, that the effeds produced pro- 
ceeded from eledricity ; and that no eleBrkal fire did pafs im* 
mediately either from the clouds into the carty &c. or frorai 
the cart, &c. into the clouds. 

From ^^ the circular holes" in the ground (" of about 
*^ twenty inches in diameter") the refpedive *' centers of 
*' which were exa£lly in the track of each wheel," and the 
correfponding " marks of fulion" on the iron of the wheels-, 
which marks *^^aniwered exadly to the center of each of the 
'^ holes ;" it is evident, that the eledrical fire did pafs (from 
the earth to the cart,^ or from the cart to the earth) through 
that part of the iron of the wheels which was in contad with 
the ground. 

From the ^^fplinters that had been thrown off, in many 
** places, particularly where the timber of the cart was con- 
^* nefted by nails or cramps of iron," and from the various 
other effeds mentioned in Mr. Brydone's Paper, it is moreover 
evident^ that there was a violent motion of the eledrical fluid ir^ 
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all, or (at leaft) in different parts of the cart, and of thl bo- 
dies of the man and horfesi although there were no iightciing- 
§ 9. Wonderful as thefe combined fads may appear, and 
tincommon as they certainly are in this country, they are, 
neverthelefs, eafy to be explained by means of tliat particular 
fpecies of eledrlcal fhock, which I have diftinguiftied in my 
Principles * of Electricity (publiflied in 1779) by the appella- 
tion of the '^ ek&rical returning Jlroke :^' and although at the 
time I wrote that Treatife, I had it not in my power to pro- 
duce any inftance of perfons or animals having been killed in 
the very peculiar manner fince related in Mr* Brydoke's 
Paper; I did, however (from my experiments mentioned in 
that Book), venture to affert, with confidence, that t» ^' if 
^' perfons be ftrongly fuperinduced by the eiedlrical atmofphere 
*« of z^ cloud, they may (under circumftances fimilar fo thofe 
*« explained in that Treatife) receive a very ftrong Ihock, be 
^' knocked down, or be even killed, at the inftant that the 
^^ cloud difcharges, with an explofion, its electricity, %vhether 
*' the lightning falls near the very place where thofe perfons 
*^ are, or at a very confiderable diftance from that place, or 
*« whether the cloud be pofitively or negatively ele6trified/* 
And 1 moreover ftated that|, ''whether the diftance be- 
tween the perfon fo circumftanced, and the place where the 
lightning falls, befifty or an hundred yards, or one mile, or 
*' two miles, or three miles, or more, the truth of the ge- 

* See Principles of Eledricity, containing divers new Theorems and Experi- 
tnents, together with an Analyfis of the fuperior Advantages of high and pointed 
Condudors ; by Charles VifcoUnt Mahon, F, R. S* from § %oz.io § 347. 
inclufively. 

f See Principles of Electricity, § Jil* 

% Sec Frintiples of EleSdcityj § 3I3» 

^* nferal 
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*^ aeral propofitiou there laid down wo\ild iiGt beany wife 
** afFe£ted.'V 

I have alfo explained, in that Treatlfe, how a ftill more 
fingiilar efFe£t might be produced, namely, how ^ ^^ an explo* 
^' fion, which happens in one place, may caufe in a fecond 

place (at a ver? cdniiderable diftance from the firft place) 

a fudden returnuig flroke, which may knock down, or even 
'* kill, perfons and animals at that fecond place; at the fame 
^* time that other perfons, or other animals, fituated in a third 
*^ place, that is even immediately between the firft place 
*' where the lightning falls, and the fecond place Quft men- 
** tioned) where the Ihock of the returning ftroke happens, 
^' fliall receive no detriment whatever/* 

§ ID. Having, in my Principles of Eleflriclty f, explained at 
large the nature of the returning Jiroke^ I will not treipafsupon 
the time of this Society, by repeating the account of any ok 
the various experiments that I made, to prove the poffible 
exiftence of fuch an eledrical ftroke ; but I will, at once, 
apply the general laws, w^hicb I have (therein) laid down, to 
the particular ph^enomena related by Mr, Brydone. 

But, before I fpeak of the accident of Lauder, which ap- 
pears to me to have been occafioned by a returning jlroke^ pro- 
ceeding from an ajfemblage of clouds, I will fay a few words 
upon one or two other fads, mentioned in Mr. Brydone's 
account. 

§ 1 1. Mr. Brydone informs us, that **^ the fhepherd belong-* 

^ ing to the farm of Lennel-Hill was in a neighbouring field, 

* when he obferved a lamb (only a few yards from him) drop 

^' down, although the lightning and claps of thunder were^ 

^ See Principles of £le6tricity, § 3 14, 

t See Principles of Eleftricity, from f %0% to § 347, inclufivelyr 

7 *^ th€%. 
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«< then, at a great diftance from him. He ran up immediately^ 
^^ but found the lamb quite dead^ nor did he perceive the leaft 
*^ convuliive motion, or fymptom of life remainiiig, although, 
^^ the moment before, it appeared to be in perfed health/* 

This effect is fo precifely iimilar to thofe explained in my 
Principles of eledtrlcity, and particularly to that mentioned in 
feflion 328, that it is quite unneceflary to enlarge upon it* I 
will only obferve, that fuch an ele(Strical returningjlroh as 
that by which this lamb was deftroyed (namely, a returning 
ftroke, which happens at a place where there is neither light- 
ning nor thunder near) belongs to the moft fimple clafs ot 
returning ftrokes ; and that it may be produced by the fudden 
removal of the elaftic eleftrical preffure of the eledlrical atmo- 
fphere of z Jingle * main cloud, as well as by that of an a£em- 
blage t of clouds. 

It appears by Mr. Brydone's, account, that the Oiepherd, 
who faw the lamb fall, was near enough to it to feel, in a 
fmall degree, the eledrlcal returning ftroke ** at the fame 
*' time'* that the lamb dropped down. 

§ 12. Mr. Brydone further relates, that ** a woman 
^' making hay near the banks of the river fell fuddenly to 
*' the ground ; and called out to her companions, that fhe had 
*^ received a violent blow on the foot, and could not imagine 
^^ from whence it came.'* 

This blow was, unqueftionably, the ekBrkal returning 
Jlroh^ 

When a perfon, walking or ftanding out of doors, is 
knocked down or killed by xht returning jiroke^ the electrical 
fire mull rufh in, or ruCh out, as the cafe may be, through that 

* See Principles of Eledricity, § 312* 

•f See, in my Piineiples of Eleftricity, the end of the note to § 312. 

perfon's 
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pcrfon'^s yeW % and through them only% which would not be 
thecafe^ were the perfon to be knocked down or killed by an/ 
main uroke of exnlofionj either poiitive or negative. 

Theiethinp^s are evident. But the manner in <which Lau- 
i:)ER and the two horfes were killed is not quite fb evident^ 
though it appears to me to be very ealily accounted for. 

I will oow'ilate^ in what manner I conceive that the clouds 
may have been placed^ when the effe£ls mentioned in Mr« 
Bkydone's Paper were produced. 

§ 13. I muft premife thatj by that account^ it appears, that 
the cloud was many miles in length ; inafmueh, as juft before 
the '^ loud report," the lightning was at a very " great dif- 
*^ tance:" for Mr. Brydone ^^ obferved, by a ftop- watch, that 
^' the time that the found took to reach him was generally from 
*^ 25 to 30 feconds." 

Mr. Brydone relates, that the " loud report refembled the 
*' firing of feveral mulkets, fo clofe together, that the ear 
*^ could hardly feparate the founds, and was followed by no 
^^ rumbHng noife like the other claps.'* 

This defcription indicates, that the eleftrical explofion was 
not far diftant; and alfo ihews, that it was not extremely 
near : for, if the explofion had been extremely near, the ear 
could not at all have feparated the founds. 

§ i4» Now let us fuppofe a cloud, eight, ten, or twelve 
miles in length (be the fame more or lefs) to be extended over 
the furface of the earth, in the fituation reprefented by ABC 
in the figure. (SeeTab. VIIL) 

And let another cloud (as reprefented by DEF) be fituated 
between the above-mentioned cloud and the earth* 

* See Principles of Eledricityj from § 3012. t© § 3a7« incluiivcly* 

Vol* LXXVIL T Ler 
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Let the two clouds be foppofed to be charged (for mftance) 
With tliQ fame kind of elcftricity, and to be both pofitive. 

Let us further fuppofe, that the lower cloud DEF be near 
the earth, only a little beyond the ftrlking diftance ; and let a 
iiiao, cart and horfes^ be fituated at L, under that part (E) of 
the cloud which is thenearefl: to the earth. 

Now, let us fuppofe this cart to be afcending an hillj and 
to be in the liluation defcribed by Mr* Brydone, namely, 
to have ^' almoft gained the higheft part of the afcent^'' and to 
be followed by '^ another carf (M) lower down the hilL 

Let us fuppofe alfo, that the two clouds DEF and"^ ABC be 
near each other, perpendicularly over the place where the carl 
L was iituate (as at DA). 

And let the remote end C, of the upper cloud ABC, ap- 
proach the earth, within the ftrlking dlflance, and fuddenly 
difcharge its eleftricity into the earth at G. 

§ 15. Things being lituated as above defcribed, let us exa- 
mine w4iat confequences muft follow. 

Firfl, when the upper cloud ABC dlfcharges Its ele8:ricity 
into the earth at G, the lower cloud DEF muft immediately 
difcharge its eleftricity into the upper cloud at the place DA^ 
which is direftly or nearly over the cart L. 

This accounts for the ^^ loud report" of thunder that was 
unaccompanied by lightning at L or at M. The repqri 
muft be loud, from its being near; but no Hgkmf^ could 
be perceived at L or M, by reafon of the thick thunder cloud 
DEF being fituated immediately between the fpedator at M 
and DA^ the place between the two clouds where the lightning 
was. 
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lation reprefeiited in the figure ; the earth at L m\ift, of 
courfe, become fuperinduced bj the elaftic ele£lrical preffure of 
the ele£lrical atmofphere of the thunder-cloud ; which fuper- 
induced elaftic eledricai prelTure muft gradually have Jncreafed 
as the cloud came defer to the earth5 and approached nearer 
to the limit of the ftrikiug diftance. 

§ 17. Confequently, if any conduding body (not having 
fLwy prominent conducing points) were to be placed at L, 
upon the furface of the earth, and to be there ekStrkally in- 
fulated% then fuch conduding body, by the lav^s of eleftri- 
city, muft, at its upper extremity (namely, the part neareft to 
the /g/?//w cloud) become ;^^^^//w ; at its lower extremity, it 
muft become /><?////V^ I and, at a certain intermediate point, it 
will be Vit\\htx plus nor minus. 

So that this infulated conduding body, thus fituated, will 
be in three oppoiite ftates at one and the fame time ; that is 
IQ^ fay, that it will be, at the fame inftant, pofttively eledrifiedjj 
mgatively eledrlfied, and not eledrlfied at alL 

This propofition I have rigoroufly demonftrated in mj 
Treatife ^ on Eledricity. 

§ 1 8* But if this conduding body, on the furface of the 
earth, be not infulated -^^ or be but imperfediy infulated, then 
the whole of fuch body (from its being immerged in the elec- 
trical atmofphere of the pofitive cloud) will become negative ; 
becaufe part of the eledricity of this conduding body will, 
in this cafe, pafs into the earths And this conduding body 
will become the more negative^ as it becomes the more deeply 
immerged into the denfe part of the elaftic eledrical atmo- 
fphere of the approaching thunder-cloud. 

^ See Principles of Electricity, from § 55 to § 74, inclufivcly. 
-f* Sise Principles of Ele6lricity, § 1B2 and § 183. 

T 2 ;§ ] 



140 Earl SxANHOfE's Remarks on Mr. Beydone^s 

§ i^. Nowy when the poliiive cloud DEF (Ie the manner 
above ftated) comes fuddeol J to difcharge, with an explofion^ 
k$ fuperabnndant ele£trkkj into the other cloud ABC, then 
the elaftic ele£trical atmofphere of the cloud DFJ" will ceafe 
to exift;. confequently, the ele6lrical fioid, which had been, 
gradually expelled into the comiBOii flock, from the conduct- 
ing body fitoated (at L) upon the furface of the earth,, mufi; 
(by the fudden removal of the fuperlodoced elaflic eleftrical- 
preilure of the eleftrical atmofphere of the thunder-cloud} 
fuddenly return from the earth into the faid conducing body 5. 
producing a violent *" commotion, fimilarto the pungent fhock 
of a X^y^^^j^ir in itsfenfation- and efFeds^ 

^his is what I call the eleftrical retiipning ^Jroke. 

§ 20- It was by fuch a returning ftroke that Lauder and 
the horfes that be was drivhig were killed, they having be- 
come ^on^: negative | previous to the explofion. 

Laudee was '^ fitting" when he was ftruck dead ; and his 
legs appear to have been '* hanging over the fore- part of the 
*^ cart, at the time of the explofion/* The returning ftroke, 
therefore^ could not iflue into his body through his legs ; and 
this accounts for the ^' fkin of his legs^' not having been at all 
^'^ burnt or flirivelled,^' as the fkin was on many other parts of 
his body. And it likewife fhews the reafon, why the^^ zig- 
^^ zag line'' on Lauder's fkin (which was^ terminated at one 
end by the chin) " did not extend lower than the thigh/' 



^ See Principles of Ele£lnc!ty5 § 304 and | 603, 

f See Priociples of Eie£lricity, from § 2O2 to § %0%^ irrcliili?e!y, and § 387* 
% Note, I have here fuppofed the thiinder-clond (and of conrfe its ele£trical 
atmofphere) to have beeri/^/i/<t;^ ; but fimilar efieBs would have been produced, if 
the tliunder-cloud had been negatlm; only, in that cafe, Lauder and the horfe* 
would ha¥ebeen ftroogly politiYe, previous to the expiofioii. 

4 § %U 
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§ %i. Mr. Brydone mentions^ that ^' the hair of the horfes 
^* was much finged over the greateft part of their bodies; but 
^* was moft perceptible on the belly and legs." This efFe£t is 
ealily accounted for by the returning ftroke ; for the lower 
part ^ of the bodies of thofe animals muft of courfe have 
been more ftrongly afte£ted than any other part^ as the eledtri- 
cal fire from the earth muil ftiddenly have ruflied into their 
bodies through " their legs, which had made a deep impreffion 
^' in the duft/' 

§ 22. The various efFeils produced on the cart may be ex- 
plained, with equal facility, by means of the returning ftroke; 
and I have ftated, in my Principles t of Eleftricity, ^^ not 
*' only in what manner perfons and animals may bedeftroyed, 
^' but how'' inanimate bodies, fuch as '^ particular parts of build- 
" ings, may be confiderably damaged by an eledrical returning 
^' ftroke, namely, all thofe parts where there is, in any kind 
*^ of conducing fubftance or fubfcances (upon which a ftrong 
" elaftic eleftrical preffure is fuperinduced), any kind of elec- 
*^ trical interruption, acrofs which the returning eledrical fire 
*^ might fuddenly ftrike, and might thereby rend and deftroy 
" all the bodies that it might meet w4th in its pallage,'' 

Mr, Bjrydone relates, that '^ fplinters had been thrown off 
*' in many places, particularly where the timber of the cart was 
^^ conneded by nails or cramps of iron." The eledtrical inter- 
ruption between thefe pieces of metal, acrofs which interrup- 
tion the returning eleftrical fire did fuddenly ftrike^ accounts 
for its rending the bodies that it met with in its paffage. 

* 

* See, in my Principles of Eledricity, the note to | 594, where foi^iewhal 
of a fimilar effe£t is mentioned^ 

t See Prineiples of Eledricityj § 333, § 3343 and § 347, 
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It is alfo evident, that it was the ele£trical returning fire^ 
that produced the '^ marks of fufion'* on that part of the iron 
of the wheels which was in conta£t with the ground ; inaf- 
much as the whole eledlricity, that^ at the inftant of the ex- 
piofion, returned into the cart, did enter at thofe places, 

§ 23. No perfon, the leaft verfed in the principles of elec- 
tricity, can hefitate to aflent to the propofition, that the eleSlri- 
cal returning Jlroke xxixx^c exift, under circiunftances iimilar to 
thofe explained above* But it may be obje<Sled to me, that 
although all the aforefaid efFedts of a returning flroke might 
take place in a fmall degree, yet thofe effefts could not have 
been fufficiently powerful to have killed Lauder, the 
horfes, and the lamb, or to have melted the iron of the cart- 
wheels ; efpecially, confidering the fmall quantity of ele£trical 
fluid that is contained in the body of a man, of a lamb, or of a 
horfe ; or that is contained in any body of the frze of a com- 
mon cart ; that is to fay, confidering the fmall quantity of 
eleftrical fluid that could, by being diflurbed, have produced 
the returning Jlroke. 

To this objedion (plaufible as at firil: fight it may appear) I 
conceive, I have given a complete anfwer in my Principles of 
Eleftricity, from feftion '^o^'] to fedion J47, inclufively ; and 
alfo from fedion 592 to fedion 606-, Incluiively; but it may 
not be improper to add a few words to what I have already 
iaid upon that part of the fiibjed. 

§ 24, 'Mo legitimate conclufion can be drawn from premifes 
that are not .proved : therefore, no perfon can legitimately 
conclude, that the force of a returning flroke muft always be 
weak, when produced by the diflurbed electrical fluid of a 
mari^s body, by reaibn that a man's body contains but a fmall 
quantity of electricity : for, it has never been proved, that a 

man's 
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man's body does contain only a ^/i^// quantity of ele£trical 
fluid ; neither is there the fmalleft reafon to believe fuch an hy- 
potheiis, which appears, on many accounts, to be completely 
erroneous* And, if that hypothefis be erroneous, the objec- 
tion to the ftrength of an electrical returning ftroke remains 
perfectly unfupported by argument. 

When a body is faid to be p!us or pojithe, it fimply means, 
that the body contains more eleftricity than it does in its un- 
ele£lrified, that is to fay, natural ftate ; but does not lignifj^i 
that fuch body is completely fa tu rated ^' with ele£tricity. In 
like manner, when a body is faid to be fninus or negative^ it 
only ilgnifles, that the body contains kfs than its natural (hare 
of eleilricity ; but does not imply, that fuch body is compktelf 
exAau/led of the electricity which it contains in its natural 
iraie* 

Now, the ftrength of natural eledricity is foimmenfe, when 
compared to the very weak efFe£l:s of our largefl and heft contrived 
ele£trical machines, that I conceive, that we cannot, by means 
of artificial eleCtricity, expel, from a man*s body, the thou- 
fandth (or perhaps even the ten thou fandth) part of the elec- 
trical fluid which it contains, when in its natural ftate. 

§ 25. That hypothefis^ by which natural ph<Enomena are 
eaiily accounted for, has a better claim to our attention than 
an oppofite hypothefis, which prevents thofe phenomena from 
being intelligibly explained. 

There is no reafon whatever for concluding, that any elec* 
trical machine of any given fize is capable of rendering a con- 
duding body either completely plus^ or completely minus 1 but far 
otherwife. And it would have been as logical, for any perfon, 
fome years ago (when eleftrical machines were not brought to 

* See Principles of Ele£lrkity, § J42» 

their 
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their prefeiit flate), to bave malotained, that thofe very imper- 
fed machines were capable - of rendering a condo6ting bodj 
completely poftive^ or compktely negative^ as for us, m tl^e year 
1787,^^ to conclude, ■ that we (by our Itili imperfect machines) 
have attained the limit 'of eiedldcal exhaiiftion^ or condenfation. 
'■ We evidently have liot^ with our machines^ even approached 
the limit of eledricail ftrength^ particularly in refpect to the 
returning Jlroke: for it is remarkable, that (by the laws of 
ele£lriclty '^') the ftrength of the ele£trical returning Jroke, 
near the limit of the ftriklng diftance, does increafe in a 
^' greater ratio," than the ftrength of the main ftroke from 
the charged body, producing the etaftic eleftrical atmofphera 
fuperinduced. 

§ 26. For example, let the returning ftroke be attempted to 
be produced, by means of a metallic prime conductor of 20 or 
2 1 inches in length, and of about two inches in diameter ; 
^nd by means of another metallic body of equal dlmenfions, 
placed parallel to the prime condudor^ juft out of the limit of 
the ftriking diftance ; and let the prime condudor be charged, 
by means of one of the common giafs globes^ of lefs tham 
nine inches in diameter. 

The returning ftroke, in this cafe, will not only be confi- 
derably weaker than a fpark taken from the prime conduftor, 
but it will be fo extremely weak, that it can hardly be faid even 
to exift. 

§ 2j. Whereas, if the experiment be made In a manner 
exaaiy fimilar, by means of a /^r^-? giafs cylinder (inftead of 
the fmall globe) and by means of a metallic prime conduftor, of 
about three feet four inches long f, by nearly four inches and a 

^ See my Principles of Eiedricity, | 34.0 and | 341. 

t It is better if the prime conduftor^ and the other metallic bodfp be ftill 
liirgen 

half 
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half diameter*; and alfo by means of another metdlic body 
of equal dimenfions with this prime conductor ; then, there 
will be no kind of comparifon between the ftrength of the 
returning Jiroke obtained out of the ftriking diftance of the 
prime condu£lor, and the ftrength of the main Jiroke received 
immediately from the prime condudor, the (harpnefs and pun- 
gency of the returning jiroke being fo much fuperior. The 
returning ftroke in this cafe is like the fudden difcharge of a 
weakly eledrified Ley den jar ^ provided that due attention be 
paid to the four rules for obtaining a very ftrong returning 
ftroke, as laid down in fedion 307 of my Principles of Elec* 

tricity. 

§ 28. When I performed the experiment of the returning 
ftroke, by means of a ftill ftronger eledrical apparatus, the 
commotion f felt wasftmilar to that of a L^j^^^^^/^^r, ftrongly 
eleftrified, fuddenly difcharged through my body ; fo that^ 
having taken the returning ftroke eight or ten times one 
morning (withouthaving taken the main Jiroke a fingle time 
that day), I felt a confiderable degree of pain acrofs my cheft 
during the whole evening, and a difagreeable fenfation in my 
arms and wrifts all the next day. 

I have alfo founds that (by an advantageous dlfpofitlon of the 
apparatus) metal % maybe melted by means of the eleBrical 
returning ftroke^ not only entirely out of the ft r iking diftance ^ 
but even without any communication with the common ftock, 
aithough the conduding body, from which iffued the eledrical 

* See Principles of Eleftricity, § 593, S94, and 595. 

t See Principles of Ekaricity, § 304 and § 31a. 

% See Principles of Ekaricity, from § 603 to § 6q6| mMmlf^ 

Vol. LXXVII. U ^^ 
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fluid that formed the returning fir oh ^ had lefs x\\zi\ twenty -f even 
fquare feet of furface in contad with the air* 

§ 29. The fa£l is, that in the cafe of the returningilroke, it 
is not fo much upon the quantity of ele£tricd fluids as upon 
the vekclty ^ of that fluid, that the ftretiglh of that ftroke 
depends; therefore, the flrength of th^ reiurningfiroke de- 
pends lefs upon the quantity of fi^r face ufed, than upon the 
Jirengtb of the eledrical preiTure of the eJaftic eleftrical atmo- 
Iphere, iuperinduced upon the bodj ftruek, previous to the 




But^ the eledrical preffu re of the elaiie eledrical atmofphere 
of the great thunder-cloud in Scotland mufl: have been im-^ 
menie, when compared to the ele6:rical preflure of the elaftic 
ele£lrical atmofphere of a metallic prime conductor, of what- 
foever ihape; coofequently, it is not at all furpriiing that 
Lauder fliouM have been kllledi (or that the other ef?e£ls^ re- 
lated bj Mr. Bjrydone, ftiould have been produced) bj the 
returmngfiroke ; in^fmnch as it k not lurprifing, that efe3s^ 
ihould be proportionate to the caufis by which they are rclpec- 
tively produced* 

§ 30^ Mr. Brydome relates, that << ]Lauder*s cart was 
^^ higher on the bank^' than the cart that followed him ;, which^ 
in fome degreci^ accounts for the inan, fitting on the other cart, 
^# having folt the returning ilrol^^ But, that is to be ac- 
counted for in another way,i namely,: by foppofing^ the cloud to. 
have been pending nearer to thr earthy over th^fe ipot where 

^ See Principles of Elellricity^fi^l |p to §6^^^^ 

a*larlj|.6oi:«. 



Acmunt of a. ^kundetr/^orm m Scotlaftd* 1 4 y 

Imobj^R ^ was killed, than over the place where 1 Ms f com* 
panion was : for, I ' have fhewn, la my TTreatlie op^a 
Ele£trkity f » that, in order for a operfbn to receive z dan- 
gerous rettirning flroke, fueh per fbn Ihould %eiimmerged^ 
not merely in the eledrical atraolphere of r the vHhunder* 
cloud, but in the denle part of the clouded eleftjE^ical atmo- 
fphere, 

The faO: iabwe aUnded to may alio he ^ccount^ ilbr in the 
folbwing tvay, vh. by ftippofing thit the iecon^ibart were 
either better conne£i:ed with the common flock, orl that iti were 
betten in Mated, than La ip^iOEE^stcatt: fbr, Jhave fliewn, in my 
Priildples it)0Ek^rieity 1^ (i^at is v^ry renm namely,) 

that dfbm of the!e two i^§^e circnmflances vvill t^eaken* the 
force of a returning flroke f radi^ot^fly^ How, iIr.^fiKf^j^05iB 
mentions^ that thef e hrad Iseai atf * *^m6ft total mmm> of raia 
«« ibri tetany months.'* ^ii[e^4ljfo%^sp that " the? ^und* ■ (at 
the pl^ce"wh^eLAitrji®ii was killed) *^ was re;fe^rkibly dtyv 
*' and^ofia gravelly MIL^^' ^^ ^^^T^ ilate f f the jgro^rid Was^ par- 
ticularly adapidd to the produ^l(^ N^f theel^rical returnihg 
Urofce, when'pmducid ^p^n tl^- large fcMe^^fiiatti inhere 
the^ eiaflle ele^rrical j^tiiure is fb pawerfmL 

§ -■ 31 •The accoiint which MrPliYitoilE ha$ gi^m of this 
thui^r^florm in Scdiate^ is i^t ^taiore ctrikitiS^ ttet^it is 
infi:tultive# 



* See Pmtiiples of Hedrltity, f§ 31^8. 

f See, in my Principles of Elearicity, E^cperiments 38, ^ atld>4<2>"froiA 
§ 280 to § 296, inclufiveIy*,n5aee^alfo.§>3-|2, f^^lSf § 334,-an&§^7» 
; t;See; f jineiples; i>f^^k«ftrid% from J^}248Jtbf§l^r0, luditofif^ pt find fe® 

f articularly § .307^ 



i 48 Earl STAnnovE's Remarh on Mr. Brydone's 

In part XIX, of my Principles of Ele£tn city ^, I have enu- 
merated *^ eleven neceflary requiiites'* in erecting conductors to 
f^cure buildings againft damage by lightning. The ninth re- 
quifite is tj "that th^re be neither large nor prominent bodies 
^^ of metal, rupon the top of the building propofed to be 
^' fecured, but fuch as are conneded with the condudlor- ' (and 
confequently with the common flock) ^' by fome proper metal- 
*' lie communication;" And in feftion 538, I ftate, that the 
*' conlideration of the deiStrical returning firoke fully evinces the 
" utility of fuch precaution.'" The circumflances mentioned 
by Mr. Bkv«on., that " fplinters had been thrown off in 
*^ many places, particularly where the timber of the cart was 
** connected by nails, or cramps of iron," ftill more fully 
proves that fuch precaution is right. 

§ 32, The tenth J necefTary requifitd in erecting condtoSlors, 
mentioned in my Principles of Ele^ricity, is, n** that: there be 
*« a fufficient dumber of rods." And in ieifHoa 542; 1 1 ftate 
that, *^ the higheft farts of a building, the mofl .elevated 
<* tidges, all the; very prominent ftacks of chimneys, ; attd all 
*^ jthe mofl falient angles^ ought, in order for the building to 
^* aequire the greatefl degree of fecurity, td be armed with 
^* an high, tapering, and acutely pointed metallic condu£tor, 
* * properly connefled \vith the common flock* And upon edi- 
** fices of great importance (efpecially magazines; of gun- 
^« powder) the pointed condudors ought never to be above 

♦ See Principles of Eleftridtfj from § 5^9 ^<5 § S44> inclvifwelyj and parti- 
iularlyfee|5i9. 
f See Principles of E&^ndty,S 519 and § 538, 
J See rrincijples of Il£trici% § 519} md from | 539 ^<^ § S4^f i^^'^* 

*^ forty 



Account of a T!hunder-Jtorm in Scotland* 149 

** forty or fifty feet afunde^r; and, if they were to be &t flill 
^^ fniaUer diftances afunder, the. fecurity they would afford 
<^ would be flill more perfe£l." 

The reafon of this precaution is fully explained in many 
parts of the above-mentioned Treatife, particularly in fedliou 
423^; and the circumftance, very worthy of obfervation, 
i^elated by Mr. Brydone, namely, that the diftance was only 
^' about twenty four yards y\hctwtmluK was killed> 

and his companion, who " was fenfible of no Ihock, nor un- 
^^ common fenfatlon,'' does clearly demonftrate the propriety 
of this precaution, of ereding fever al t conducing rods upon 
an exteniive building. 

This information mufl: be particularly Interefling to the 
Board of Ordnance, on account of the fecurity of their ma- 
gazines, particularly their ptowder magazines at Purfleet. The 



* See alfoPart XVIIL of my Principles of Ele^Vric I ty (from § 494 to § 518 
inclufively), where I have rclearly demonilrated this propoiition, namely, that, 
" high and pointed metallic conduHors'lwhcn properly conilrufted, and when made to 
*' communicate completely with the common flock] tend not only to prevent 
** a mainjlroh of lightning and the lateral explojion ; but tend like wife moft power* 
** fully to prevent any dangerous eUHrical returning Jlroh whzXzytx from taking 
** place near that part of the edifice upon which they are erected. So admirable, 
** and fo extenfive, is the principle upon which is founded this fimple and moil 
** incomparable invention !'* 

f See alfo (in the volume LXVIII. of the Philofophical Tranfa6lions, part L 
P* 3^3' ^^ ^^^') ^^ ** Report of the Committee, appointed by the Royal Society, 

600 
*' to consider of the moft effectual Method of fecuring the Powder Magazines at 
*• Purfleet againft the Effects of Lightning, in compliance with the Requeft of the 
^ Board of Ordnance ;*' ia whrch Report, ffveral high and acutely -pointed con- 
du^JioTs^ properly connected with the bottom of the wells, are propofed to be 
«rc£ied |. and other precautions, founded on a like principle, are recommended. 

5 fecuritjr^ 
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feciirltj of tlrofe raagazineg is^a ^I'aat: national ol)|e<!l^ Mt orily 
oa^c€oant of their : importance iivtime of tv^r ; bi^tv ^Ifo <5ii 
account of their vicinity to the City of J London^ iFor^^ #^ 
itttmenfe -quantity of^ giMp^Wte ^ thpy €d (when full), 

tiieiri fttuMon Ai]pc>n the tiv^r ^haines^ md ihm tjetnjg within 
the <Jii:m^(:e ^f fc)nly a feW^ to 

j:#ng blown up w probably produce^ in the Metropolis 

sahl'ident^fhotfc, like that of ^n#ari^ 
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